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SR EAE KRR 5] A F BB B3 A, LAY 3R
A5 %oF L TR R A1) A RS LA B 10 K R U R
FEH KRGO 0 I 3 [] e 4 g 7K R Vs 7 1 R
LR AN 1H

1 HR57®

it 56 7 1
KW HFE (Escherichia coli) B ¥ TOP10 FIAR
FEAAT B AR EHAL05, 48 b 4l 2 A 9 38t 1%
R ] R EE A S 0 AR A R AL

FEH ik 3 & 1300NU 2 L pCAMBIA1300
B AR TE 2 TR MU I Ubiquitin 3 31 F & Nos
Lk T Ok L B2 T A L I s ROR A . B fb
AR KR AS SR AR 11(ZH1D

2SR M A1 V] b E R 2E B
DU P 5% T 28 G AR B AR I
12 AEFAEABERBRIEAHEHNE

WAL F A 43 AT B BRSBTS 8 BamH 1/
Sac | s & B aifb ¥ M.V FEKE ) H3#EE A
1300NU., fie Jei 5 il Y1) 46 I 1 B 1) B 14 o B 2 00
BaIIE 5% 16 AR AT 8 B Fk EHAL05, 78 — 70 °C K48
W URIR AR R . AH N 24w 45 pM.p V],
1.3 RFBENSHBEENLE PCR &N

PIBERE ZH11 B 75 S 7 8 g et i 4
ZUERZAK, & pM Al pV] AR g AR FF T8 1 B 07 5
FRILR AR Y, B 2 d JFH 50 mg/L MYE F
e 2 AR BB . iR &k AR S AR
FHEEART . BRAARTEIL T A M RE R 230l 5 4% MLV,

HUGE 15 35 PR RR 19 9 vt B, il e R Al
DNA, PCR #ill51#) 3 W% 1.

SV FEF:94 °C 5 min; AP 94 °C 45 s.iB Kk
58 °C 30 s, ZEH 72 °C 90 5,32 MEH ;72 °C 7 min,

HE =W 0.8 %0 I SRR WHEE I FL UK L 48 EB Y4
5N B OS¢ R
14 #EF % B Southern blot # il & # M #
¥E

KA Y A DNA, & DNA 8 pg I #E,
M Hind I8V, F 37 C B 20~24 h, fREEY 5
A5 o R I L VKR AN T R /N B DNA R B 43 9
BEWEE 1% TAE, BLIK 45140 30 V.24 h, ZJ5 ¥
DNA % A Je Je & b Jf [ . & X ) 2% &R &
Chpt) W5 50 B3 &, I 5l 9 0L 3% 1.
Southern blot % M i A DIG High Prime DNA La-

11

beling and Detection Starter Kit [l & #] &, W H
Roche 24 H] ,
1.5 FEIEIR B RIS 55 I B 4 LA MR (R B i A )

AT BT ORI B AR Ry 91-17-2, J& T [
JEIT MRS X EUR /N AP BB ZHIL O . iR
R PO RAS H N AP O i T R AR A
S TR EAT O PR AN o 28 0 1 UK A L D
To XL T ACHN T3 Bl 25 5 . 46 R T /NZ0A L B4
REIAZR ARECR DT 30, FFHAKE 411
O ST I R AT 2 A

e 9 VAT T R SR P 0l e A S AR R R 2 AL
PE I R S R R TR AR . BTk
JEAERFAE 1 X107 ~5 X 10° A /mL {5 [, 4% Fh )5 56 28
AL FH 36 ~48 h, HOLKE S ALBE 5~7 d. 1 JH %
FHEAERIRIEN K IRRI Chttp: //www. knowl-
edgebank. irri. org/extension/crop-damage-disea-
ses/leaf-blast-bl. htmD) |l € A9 0~ 9 2% 4 % 45 Ui
(Rice Standard Evaluation System/ Leaf Blast) , #f
il g B . O 2 G AR B = 2 (&5 G
250 <6 B2 I 7 AR 908 9 X 100/ sl 18 2 /R 50 < 9) 3
B 1S $8 BX (disease index) , I HE 17 HT & B # %E
disease index £ 0~5 JB MW M =P, 5~ 15 AL
55 15~30 R PL,30~45 K, 45~60 Nk,
KT 60 Hym
16 BEAEAHBEEREZSKN

Xof T2 5 1Y) S R R o DA/INEL A hy B BT
A0 RNA £, 347 RT-PCR K21, RNA #li42
X M TRIzol Reagent ( I 4 T.), I ¥ 5% % H
MLV 5% 58 (Invitrogen A 8D, W& & GAP-
DH P B 51 W [R A 31, 37 F 5 3% 1,
1.7 HPLC-MS £ B & A EE =1

PL/INELAR Jg B BB A48 DL R 405 7 d
JE B R AA R R I R A A R B IS L
A 10 mL 80 % H i T = i # R R R G i %, B0
ZERULTE B EIE W AWK T )5, B T 2 mL
AR 0. 22 p A HURH fCFL OB BT 98 )5 A7 T R
st R R DGR

SR FH R S80HRE €83 — T3 6 R AT A I,
OB AH R Waters2695 , it & 09 8 4 14 51 ks
W45 4 Waters2696 5 i 1 44 API5000 (A&B 2
Ao R AEE (Res) #1242 81 1 (piceid)
i ofE & T SIGMA 2y ®l L 7 b 4 %5 09 R5010,
15721,
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Table 1

PCR #& il 51 #1 = 5

Primer sequences for PCR

H 3 PHE Gene 5|4 4 FX Primer name

5|W % Primer sequence

FE) K /bp Product length

u M-F 5'-TTC AGG GTC ACT AAG AGC G-3' .
o)
M-R 5'-CTG GTC CAA AAC CGA ATA AT-3’
VI-F 5'-CAC TTG TGC ACA CTG AGT T-3'
vJ , 1557
VI-R 5'-CCT GGT CCA AAA CCG AAT-3
e Hpt-F 5'-AGA ATC TCG TGC TTT CAG CTT CGA-3' 290
Hpt-R 5'-TCA AGA CCA ATG CGG AGC ATA TAC-3'
GAPDH-F 5'-CTG CAA CTC AGA AGA CCG TTG-3'
GAPDH 329
GAPDH-R 5'-CCT GTT GTC ACC CTG GAA GTC-3'

RE A C18 il ik, b IR IR, i sl 4 2
K5 NG TR L B B e ) S LR v AR R (3R 2) L R
# 1 mL/min, K 304 nm, EFER 20 wL. %
MR RN E Y #AT 3 IREL

i A B F O fu EST L LS (GSD)
60 kPa; 4l B S (GS2) 55 kPa, I §i 5 X 5 i &b
FH 2 %) F BB 7 0 e R, B T/ R T
389.3/227. 3,389. 3/185. 3, I H {55 &
389.3/227. 3VENE B T X, WEIAH KK LN
(Vi 3 Vo =70 2 30), FF i 35 FH it 2h A 1547 46 R
HEFEEE 10 pL, AR REWE T 3 REE

*2 ENRBEGELRINEREL
Table 2 The gradient cycle of HPLC mobile phase
i 18] / min K/ % /%
Time Water Acetonitrile
0. 00 80 20
10. 00 40 60
14. 00 80 20
18. 00 80 20

2 #RE55Hm

RRFAEABEREREIRENRT
pPM . pV] AR 45 A K il DA I 25 2R DL AT 1, 45
R R ARG S AR KD —BG B AR R BOR

2.1

A Py biguitin M/VJ T
= u
HindIll EcoRI
MY BamHI Sacl EcoRlI

M  1300NU M pM

- — —

A 3 K AR 45 W 8 B Bl Vector structure of pM and pVJ;
B: BamHI/ SacIXEFY) #;31 (9 kb+1. 8 kb) Result of Bam HI/Sacl
digestion (9 kb+1. 8 kb); M:Marker DL 5 000.

B 1 pM.pVJZkeigz

Fig.1 Identification of the pM and pVJ plasmid

NS HE 25 W A 1B 2 Ak R A T
22 RABENSNEEELREERERKQN

IS5 R WoR AR IA 75% (FRA AR 4 B
T 3 ARSI Sk BE R B B SR M AR M & 77, 8%
(FRAEARR 27 BRI 21 AR I A BH R ) 4 5 326 D A
PR VT8 H vk 5 S 5 B S U R /N A B B b
Fe PR %5 . T R PR BH PR X BB ZHT R 2S 3 x IR
ddH, O H R B H AR &7 IE W s N E &% &
AT R4
2.3 HEFEEHH Southern blot # il & #2 M1 #
£F

N T — A UE AR 3 R A RS R R A DA
DL DU, AT X A5 B R R AT T 2 K
Southern blot BiF, % 1 IRBIF)G . E 2N F
RPHIBR B 2 BRI 2 WRIEM 25 R, 4531
B FEIE R R YA R vk 2B 1 & 9
A BN I 450 5 UE W 3K 2 5 3R o A R 3 TR f S
AT KRG RE N 4L b B A B AL A5 R0 A KR Bl
BLI . P 5B 0 A0 IR 5 PR A 3t 1 e v R — 3o, 3
T RERAHE DL R R AT LR 155 .
24 BEREERENER

W LR HEs 0L T AR H  TREEHRFH R R
P72 G AT hom A, Hod TR FF AT W
T AR AL 24 DNA i 4 & PCR £l 5 2 41 B 1]
PR B 5 AR, T AR FD 1 o0 0 2 Hh A 4l B4 DL e e
BRE&. 0T 2012 4 3 A 4 A7 AdtAT 3 sy
Pl g A5 R W3R 3. ARG v, By n] Bk ik
PURRE N LIBCE R R ARG 3 IREE R , Lk
H—Egsie. seAh B AR IR ZHI iR AR
FEHARE TSR 2 WHE IR h L 2 2R Pk
PHL U B O PR 3R 3R BB RE 0 2 A5 15 B 0 L H i
T EELR.
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M:A-EcoT14 I digest DNA Marker; 3Kifi a-d: M 3N K & ;
VKIE e-t: V] $E RN KRG UKIE b Y5 e 45 F K R Y e 56 1R B 0 x
MR UKE asc.dsfsgsisislomen,g ARBIRR N HRE RS H
M1,M3,M4,V]2,V]3,V]5,V]6,V]J10,V]11,V]13,V]J18, M: A~
EcoT14 [ digest DNA Marker; Lane a-d: M family; Lane e-t: V]
family; Lane b and e serve as the negative transformed control of
M and V] family respectively; Lane a,c,d,f,g,i,j.1.m,n,q,cor-
responding to M1, M3, M4, V]2, V]3, V]5, V]6, V]J10, V]11,
VJ13,V]18,represent the single-copy gene families.

B2 M,VIEEEZXKZR Southern blot 43 #T
(Hindll &)
Fig.2 Southern blot assay of the M, VJ families
(digested by Hindlll )
25 BREFBEEHEERZAZEWRN
TR A B IR K AR B R SR LA
AT X He 9 22 R WY AE R IEAT 1 Rk R AG I ([&13) , 4

REIRER VI10 4, KRB RN EREFNREES
W2 GAPDH 135KV FEA M Y L 136 W] 4% 5 A Al
PRITIG 2 B 55 7 A R L RN Rk i iy . sk,
KR FRIMEEE W R IBKPIEEWNHT G 25 A K,
Ui BH 41 B R 2 3K 8 85 7 Ubiquitin /8 &R Fa
AR I R 1 26 38 WA A2 B A1 IR 558 B TR 1 52 T
S . B L AE PR BURE AR ) 5 5L R 3Rk i
ZAXT R AR h A KR RLEIFRASH
P PEXT N

26 BEABEFYNE

MRAEHT AW 250, AT H AR 9
BERN = A28 A5 . o e A HPLC X 5% 35 R A Bk it
7w BT K D25 5 LI 4,

Bl 4A L 1 KRR = K281 (piceid) , H W AT
[B] 24 6 min,l§ 2 S HBE P EE (Res) , H IR [E] 29 8. 5
min, AR bR A G ) ) T, B A R ZH1T A
GRS POIVASE AN T H ] SN ER xR S S
FIRE A . R FRATT T A3 AR B i 7 35k A Al o
WAMBHEEMNEL, M 6 min 24 ZHI1 1§ %
22, WG 1% 0 2 Bt 5 DAL v o R B T S B 1 R
Wik 2 RAZH . TR FATHE— 2 R F B 43 4
X A2 B R AT I BT A R LR 5,

%3 BEFERER
Table 3 Result of blast resistant test of transgenic plants
2012-03 2012-04 2012-07
EES VAR RS FRD EES 9 17 16 2 FD P& VAR FH®
Transgenetic Disease Resistant Transgenetic Disease Resistant Transgenetic Disease Resistant

family index type family index type family index type
ZH11 73.7 [ ZH11 28.9 Sk ZH11-1 64.9 (=9
ZH11-2 65. 8 [
VJ2 18.7 B VJ2 26.6 LN VJ2 70.8 o R
VJ10 45.8 TG VJ1o0 30.7 Hh VJ1o0 53.1 B
V11 60. 1 o Ja V11 27.8 S Vi1 64. 4 T Ik
VI3 34.2 Rk VJ13 49.9 RY
v]27 56.8 B vj27 33.5 Hh vj27 68.7 2
M1 58.1 IR M1 52.0 R

V5 61.8 il I VJ3 36.2 gk

M3 40.6 Hh VJ6 33.8 Hh

1) % High susceptible; B4JK Susceptible; H1/E Middle susceptible; 2) #1/# Middle susceptible; 14 Middle resistant; 3) f &

High susceptible; % Susceptible.
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VIJ2 VI3 VJ6 VIJI0 VIJ11 V]J13 ZHI1

HIJEFE A B LBLBLBILBILBILBL

Exogenous gene
WZHEH GAPDH
B HT 7 d BES s LS 7 d BE A B: Samples of 7 days be-

fore inoculation; L:Samples of 7 days after inoculation.

B3 #ERFKRZ VW EERT-PCRER

Fig.3 RT-PCR analysis of VJ gene in transgenic plants
> 0.06F i
£ 0.04F I
A ngE 0.02[ ¢
I e N L
S 70.00 5.00 10.00 15.00
Hfa/d Time
=
ﬁ‘*_@ 0.04 [ | )
B ji,j T 0.02F { !
£0.00 - .
0.00 5.00 10.00 15.00
IFE]/d Time
Z 0.04F 1
C %= 0.02f v 2
RE v
2 0.00 —
S 0.00 5.00 10.00 15.00

5] /d Time

A:500 pg/L [ Res 5 piceid B E M4 H Fig. of 500 pg/L
trans-resveratrol and trans-piceid standard samples; B: %% 3
KEZFES ISR Fig. of transgenic rice samples; C: B 4z B %} 18
ZH11 £ 5 0& 8 Fig. of wild type control ZH11 samples; W 1:
SRR BRSO bR e ST L R WA B] 29 6 min; 1 2. 2
TR M T, W ] 29 8. 5 min, Peak 1: Trans-piceid
standard sample,retention time is about 6 min; Peak 2: Trans-
resveratrol standard sample,retention time is about 8.5 min.

B4 HEEASYHPLCAELR

Fig.4 HPLC analysis of transgenic rice

ANE T HPLC B2, il vh 2 il 2 8 i 5 1
XF 389.3/227. 3 KA MIMES A S o iy, B HA BE
TRAXT 23 7 i &l 390. 3 (s 42 38 1 A X 43 1
B, T B X TR 228, 3 (KA 3L A
J& F B T IR o F D B A 2 i BIr R
Bl SA iR 2 NMESEIARER T &H 2 Kok
B AT W B ) [ BT 2 2 T A A
BES, TRBAMER F06E 1 Rbrife i X =28
T, T () 29k 2.5 min, T /N 2 Sk 0 X 5] 43
SRR, g i TR 24 R 3. 1 min, X SR AR 04
B[] s B 1 52 5, X B S AT AN RS R A .
A K — PG 4 AT AR A DR R A A e e R v T T A
F5E AR, M AE UV BB T X 2 A28 1 Al L
S A, A SR B G R L A B R DR R PR R
o U 2 B Y T 1L R LA R 1 Y
2~3 % (B 5B) . {H iy F i D = 2= 42 B 17 b
it s FRATTTC K X — I T LASGAIE , SOFE L B R &R
T B R S A2 B AT L B R Ik 4
H & SA R BRE S P 2 1A AR A, SO R
2T, BARFATEXT IR ZH11 Frdu i 8L T g
1 AN 2 AR5 Al 2D Ak # B PR RR A W 191/ 100
BEZE1/1 000, I8 0] 20 .

MR 4 WAHLT MR R R, ML R R
KBt Faikm, k8T 10. 26 pg/g, [ A
VI11 1 VI13 & F& v 2 = 42 80 1 18 B 58 i it
Aok s T H., HE. S TR s ZHA
VA Y i 2 R DA R B B S U6 = A28 1 AR B X
FE S5 A AT RE T8 A A SR

7.50e° 2.39¢’ 2.54¢
Y 4 4
13.0eF A 32.5¢€ B 3256} C
. 120eT . 30.0¢° L, 30.0e} 1
£ 11.0eT £ 27.5¢ c 275ef )
£ 10.0eT = 25.0¢ E 25.0eT 1.79¢
B S 9.0eT S 2256 w m S 225eT
#= 0 8.0eT 3 20.0€ H £ 20.0e
=g 7.0 Eg o175 1.05¢’ =g 175
E 35 6.0e] E 3 150 E £ 150e]
e 506 e 1256 i e 12.5e]
L2 406 LEE qp0¢ &E = jo0ef
Z 3.0eL g 7.5¢ E 756l
& 2.06 *2 7 5.0¢ 2 5.0l
1.0 2.5¢ 256k \U«
s N s )
0'0%.0 1.0 2.0 3.0 4.0 5.0 004510 20 30 30 50 0'03.0 1.0 2.0 3.0 4.0 5.0

I8 [E]/min Time

I [H]/min Time

5 [H)/min Time

A:30 pg/L = B A e 1 B Fig. of 30 pg/L trans-piceid standard samples; B.: §% & [ % 2 K i 1§ 8] Fig. of transgenic rice
samples; C. %A= BIXT I ZH11 £ & 0% F Fig. of wild type control ZH11 samples; W 1. 52 32 A28 1 br S IE T , I [R] 2 2. 5 min
Peak 1:Trans-piceid standard sample, retention time is about 2. 5 min; I 2 A& 10, 3 00 A 28 = 42 80 7 ISR [A] 25 3. 1 min Peak

2:Unknown peak.it was suspected as cis-piceid.retention time is about 3. 1 min; ZF /X AH )W 14 H L Red numbers represent the area

of corresponding peaks.

Fig.5

5 HREAFYREBENESER

LC-MS analysis of transgenic rice
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Table 4 Content of trans-piceid in
transgenic families ng/g
B BRI 8 5 =W Tl i
Transgenic family Content of trans-piceid
V]2 0.68+0.01
VI3 0.38+0.07
VJ10 0.174+0.01
VI11 1.2340.04
VIJ13 1.8840.13
VJ27 0.032£0.01
M1 10.26+0. 62
ZH11-1 0.05%+0. 00
ZH11-2 0.0240.01
A \A
3 I it

FRATHE DN A BF S v 5 2 DK RS ST ROCR A B
FRRHA 2 A H— BRI KR A e A
06 210 = A28 AR AR I/ I 1R Bt . 7EA DUiw
BORI AL Y P T R A AR E T8
K. M Res & A F] 400 pg/g. KB
X IR B 9o TR B 5 AR o A2 1 1 d e o
BF 50 g/ g, KRB X ARR R o BUPE s B AR
B B SR IAE T 20 pg/gt . AWES
R w10 pg/ g, T REIE B A F
PO Ko H = R IR T AT RE X = A2 B 1 A IR
RE . FLTR R AR AT 1R BCEUR 19 B & Y B B T B A2
AR By SROK R L B A B P A LB Y RE ) 5 T
Je T AE B P 4 15 T MR A i P ROR AN

FARTEOU T o 4 %00 o K R P ) NXRER 5 A
B RS WM, WREE #E Res & MU A4S P AY L
Wk PAL By FRIKETY . I, 44 BEAE Res 13 i ik
A8 R B A S B A B e DR R A v ] 3k (R REAE —
SE R b R TR L0 W AR A DT AT RE B
P2 7 T A g 5 DR A b o ) 55 Y 0 B TR R
PORBE J1o M o5 — A B e, AT AT LA & A
1A SRR BE S K fife Tl I A = 28
Ab R S P TR R W R K i . B0 R I KF
IEE AV 7 AT DAY TS e A% 8l 0 P, 0 82 i RNA
P18 75 0 T M e R Tl i IR 308 L L e o il /> e
DRI L B v 1) A 2800 ok L RE 4 55w SR PR BE
EiNIDISE ey

BRI 22 A1 Xk A 0 3] 9 e B XL R W s A2 R
AR B2 7 i, J AT HE 0 3 2 7K A P RO e B%
B4 2R . A is i, A T RS JE AR E
FIBIF H L% A T A RE P B U R B AE I

AR 4 S M T e AL T A VR DR R B AR S A2 B
o AT A I, R A 0 2 B S S K = A2 B
T84 RS kP 23k 7= W) e i 7 op (19 5% il A
1k 10 pg/g.

IR A B 5T AR A 1) B S5 DR AL ke T8 A %o A 9 T
R RYOE H S S RS2 5 R A =T
IKFEE TR e (. BURZY B2 F sE R W
TS HAT R AP I A0 B I B B B g B A
SEERYH L A IR R R, SRR RO T e
T R G e AL g R P I R PO . 2R TR AT)
o IR FLE S Ve 5 30 7 3K 3h RS K 3R, i A 7T
Al HE— 5 38N = AZ 8 1 E KRR IR 2L A i 2 i, AT
ELHT AR AT 4 B DRABAE T

2 % X W
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Abstract

Two resveratrol synthase genes from different Vitis spp. were isolated and replaced un-

der the control of Ubiquitin promoter, respectively. The vectors were then introduced into japonica rice

cultivar ZhongHua 11 through Agrobacterium-mediated gene transformation. Analyses of Southern blot

and RT-PCR confirmed that the introduced genes were expressed stably in most of different single-copy

gene transformants. Based on the HPLC-MS analysis,a major resveratrol derivative, piceid (resveratrol-

glucoside) was detected in the leaves of the single-copy gene transformants with the highest content of

10. 26 pg/g fresh weight, 1 000-fold more than that of the wild type control. Resuls indicated that res-

veratrol produced by the exogenously integrated gene might be metabolized into piceid by the endoge-

nous glycosyltransferase. Although these transformants did not show significant resistance towards Magna-

porthe grisea ,they may have some beneficial effects on human health with the high content of piceid.
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